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Thirty-seven untreated subjects with borderline or mild 
hypertension were studied to establish the prevalence and 
clinical characteristics associated with abnormal left ven- 
tricular filling in this disorder. Subjects were referred to 
this study because of casual office blood pressure measure- 
ments of r140190 mm Hg; all were ~50 years old, had no 
other cardiovascular or systemic disease and had not re- 
ceived antihypertensive medication for at least 1 year. To 
precisely determine blood pressure, measurements were 
made over 30 min with the patient in the supine position 
and during awake hours with ambulatory monitoring. 
Left ventricular mass was determined echocardiograph- 
ically, and Doppler echocardiography was used to assess 
left ventricular filling. No subject had increased left ven- 
tricular mass, but 8 (22%) of the 37 had abnormal left 
Abnormal left ventricular filling can be detected in subjects 
with hypertension who have normal systolic pump function 
(1,2). Past studies (3-9) have not clearly identified whether 
diastolic filling abnormalities occur independently from left 
ventricular hypertrophy, ischemia, advanced age or recent 
antihypertensive drug therapy. Because each of these fac- 
tors is known to affect diastolic function (10-13). it has not 
yet been possible to establish conclusively whether abnor- 
mal left ventricular filling is an early manifestation of hyper- 
tensive heart disease. Therefore. the aims of this study were 
twofold: I) to establish the prevalence of abnormal left 
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ventricular filling. All eight subjects with abnormal left 
ventricular filling had an ambulatory systolic blood pres- 
sure >130 mm Hg and a supine systolic blood pressure 
>122 mm Hg. Abnormal filling was not related to left 
ventricular mass or heart rate. In multivariate analysis, the 
degree of abnormal filling could best be predicted from a 
combination of age and supine systolic blood pressure (r = 
0.69; p cc 0.001). 
This study suggests that in untreated early essential 
hypertension, abnormal left ventricular filling is present in 
>20% of subjects, precedes detectable left ventricular 
hypertrophy and is related to age and prevailing level of 
blood pressure. 
(J Am Co11 Cardiol1989;14:979-85) 
ventricular filling in untreated young adults with mild hyper- 
tension, and 2) to determine the relation between left ven- 
tricular filling abnormalities and the clinical and echocardio- 
graphic characteristics of this group. 
Methods 
Patient selection. Thirty-seven subjects ~50 years old 
were referred to this study on the basis of at least two casual 
office blood pressure measurements e140/90 mm Hg. Sub- 
jects were excluded if they had been taking antihypertensive 
medication in the past year, smoked, were hypercholester- 
olemic. had a family history of early coronary artery disease, 
were highly trained athletes or had valvular heart disease. 
No subject had evidence of secondary hypertension, diabe- 
tes mellitus, renal dysfunction or peripheral vascular dis- 
ease. The protocol was approved by the Institutional Review 
Board of the Mount Sinai Medical Center, and informed 
consent was obtained from all subjects. 
Two-dimensional and Doppler echocardiography. Two- 
dimensional and two-dimensionally guided M-mode echo- 
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cardiography was performed with an ATL Mark 600 or ATL 
Ultramark 4 scanner (Advanced Technology Laboratories, 
Inc.) using a 3.0 or 3.5 MHz transducer. All studies were 
performed and analyzed by the same echocardiographer, 
who was unaware of the subjects’ blood pressure measure- 
ments. Two-dimensionally guided M-mode echocardiograms 
of the left ventricle were taken at the chordal level, and three 
to five measurements were averaged. Standard measure- 
ments were made according to the American Society of 
Echocardiographers’ convention (14) by an experienced 
reader who did not know the subjects’ blood pressure 
measurements. Left ventricular mass was estimated accord- 
ing the American Society of Echocardiographers’ conven- 
tion with the Devereux correction (15). Two-dimensionally 
guided pulsed Doppler interrogation of left ventricular inflow 
was done from the apical two or four chamber view with 
either the ATL Mark 600 or the ATL Ultramark 4 scanner 
equipped with a 3.0 MHz transducer. Left ventricular inflow 
was interrogated between the mitral anulus and the leaflet 
tips, and recordings of left ventricular inflow velocity profile 
were made at the point of maximal velocity of early filling. 
Recordings were made on videotape at a speed of 100 mm/s. 
At least five spectral tracings were digitized (Nova Mi- 
croSonics IQ 2000, Advanced Technology Laboratories) and 
analyzed by an observer who did not know the subjects’ 
blood pressure measurements. 
These digitized tracings were averaged to obtain peak 
velocity of early and late diastolic filling, the ratio of late to 
early diastolic flow velocity (A/E ratio) and heart rate at the 
time of the inflow velocity recordings. Because the A/E ratio 
has been shown to be the Doppler variable that best reflects 
abnormal left ventricular relaxation (16) and because the A/E 
ratio closely correlates with left ventricular filling rates calcu- 
lated from cineangiographic and radionuclide techniques 
(17,18), this variable was used as the marker of abnormal left 
ventricular diastolic function. An A/E ratio rl in subjects 
550 years old is significantly higher than the range for normal 
subjects (19). In our laboratory, we studied 22 normal subjects 
aged 20 to 50 years (mean 35 ? 9) and found that the average 
value for the A/E ratio was 0.67 + 0.16; an A/E ratio of 0.99 
is 2 SD above this mean value. Therefore, we considered a 
mitral A/E ratio rl to be abnormal and the basis for the 
classification of dysfunctional left ventricular filling. 
Interobserver variability of the AIE ratio was determined 
by two observers who analyzed the Doppler tracings of 27 
subjects. These readings were made 6 months apart. The 
average A/E ratio for both observers was identical (0.75 + 
0.2), the r value for the independent readings was 0.9 (p < 
0.0001) and the average difference for each individual subject 
was 0.007 * 0.09. 
Pulsed Doppler recordings of the aortic outfow were 
obtained from the apical four chamber view at a point just 
distal to the aortic valve. At least five spectral tracings were 
digitized to obtain the flow-velocity integral. Stroke volume 
Table 1. Clinical Characteristics of 37 Subjects 
Age (yr) 
Serum cholesterol (mgidl) 
Systolic BP (mm Hg) 
Mean t SD 
35 2 8 
183 * 27 
Range 
23 to 49 
I10 to 230 
Supine 
Ambulatory 
Diastolic BP (mm Hg) 
128 + 13 105 to 160 
134 + lo* 117 to 160 
Supine 78? I1 57 to 96 
Ambulatory 83 + 8* 65 to 102 
Male/female (no.) 2918 
White/black/oriental (no.) 291513 
*p < 0.01 comparing supine with ambulatory blood pressure (BP). SD = 
standard deviation. 
was determined as the product of the time-velocity integral 
of the aortic outflow and the cross-sectional area of the 
aortic anulus, which was measured immediately proximal to 
the points of insertion of the aortic leaflets at peak systole 
(20). The product of stroke volume and heart rate yielded an 
estimate of cardiac output. 
Blood pressure measurements. Average blood pressure 
was determined by two independent methods. During the 
acquisition of the echocardiogram and Doppler recordings, 
blood pressure was measured in a quiet room with dim 
lighting, with each subject in the supine position. Recordings 
were obtained every 5 min for 30 min using an automatic 
device (Infrasonde model D4000, Puritan-Bennet), and these 
measurements were averaged. Within 1 week of the supine 
measurements and the echocardiogram, ambulatory blood 
pressure recordings were performed on a day of typical 
weekly activity. The Spacelabs 5200 and 90202 devices 
(Spacelabs, Inc., Redmond, Washington) or the Suntech 
Accutracker (Suntech Medical Instruments, Inc.) were used, 
with recordings made every 15 to 20 min during awake 
hours. Data were processed after transmittal to an IBM-XT 
computer, using Lotus l-2-3 software to obtain mean ambu- 
latory systolic and diastolic blood pressure during awake 
hours in 33 subjects and from the hours of 6 AM to 12 
midnight in 4 subjects whose time of sleep was not recorded. 
Device errors and blood pressure readings with a pulse 
pressure of ~15 mm Hg were deleted automatically. 
Statistical analysis. Statistical analysis was made using 
the SAS Institute program. Independent sample t tests for 
unpaired data, linear regression, multiple regression with the 
backward elimination procedure and Fisher’s exact test 
(two-tailed) were used where appropriate. 
Results 
Clinical characteristics (Table 1). The 37 subjects were 
predominantly white men and women with a relatively low 
serum cholesterol level. Supine systolic and diastolic blood 
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Table 2. Echocardiographic and Doppler Characteristics 
in 37 Subjects 
Mean + SD Range 
M-mode echocardiography 
PWD (mm) 9.3 i 0.15 7to 13 
IVSD (mm) 9.5 + 0.12 7to 12 
LVDD (cm) 4.7 2 0.40 3.6 to S.5 
LVSD (cm) 3.0 + 0.51 2.0 to 3.8 
LVMI (g/m’) 83 + 16 47 to 109 
%FS 37 ? 6 27 to 50 
LA (cm/m’) 1.9 t 0.2 I .s to 2.3 
Doppler echocardiography 
Peak E (cm/s) 62 + II 43 to 84 
Peak A (cm/s) 48 + II 29 to 67 
Peak A/peak E 0.8 ? 0.2 0.4 to 1.3 
CO (litersimin) 5.0 + I.6 2.9 to 9.4 
CO = cardiac output; %FS = %: fractional shortening: IVSD = interven- 
tricular septal thickness at end-diastole: LA = left atrial dimension: LVDD = 
left ventricular internal dimension at end-diastole; LVMI = left ventricular 
mass index: LVSD = left ventricular internal dimension at end-systole: Peak 
A = peak velocity of atrial systole: Peak E = peak early filling velocity: PWD 
= posterior wall thickness at end-diastole. 
pressures were significantly lower (p < 0.01) than average 
ambulatory measurements; no subject had more than mild 
hypertension. Although all were referred for evaluation of 
casual blood pressures r140/90 mm Hg, only 33% had 
supine pressures >I40 mm Hg systolic or >90 mm Hg 
diastolic, and only 24% met this criterion on the basis of 
ambulatory blood pressures. The correlation between the 
supine and the ambulatory pressures was 0.34 for systolic 
blood pressure (p < 0.05) and 0.64 for diastolic blood 
pressure (p < 0.01). 
Echocardiographic characteristics (Table 2). No subject 
had increased left ventricular mass: only one had increased 
posterior wall and septal thickness. The left atrium was 
minimally dilated in two subjects, but otherwise the left 
ventricular dimensions and fractional shortening were within 
normal limits. There was a significant, although weak, cor- 
relation between left ventricular mass and supine systolic 
(r = 0.32: p = 0.05) and ambulatory systolic blood pressure 
(r = 0.35; p < 0.05). 
Doppler characteristics (Table 3, Fig. 1 to 3). Eight (22%) 
of the 37 subjects had an abnormal A/E ratio, which was 
Table 3. Comparison With Supine and Ambulatory Systolic Blood 
Pressure and A/E Ratio in 37 Subjects 
Supine systolic BP 2 122 or ambulatory 
BP 5130 mm Hg (n = 19) 
AIE <I A/E >I 
I9 0 
Supine systolic BP > I!? and ambulatory 
BP>l30mmHg(n = 18) 
IO 8 
*,$ = 10.7. p < 0.001. A/E = the ratio of late to early left ventricular 
inflow velocity; BP = blood pressure. 
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Figure 1. The ratio of late to early left ventricular inflow flow 
velocity (A/E ratio) in 37 subjects is plotted against average ambu- 
latory systolic blood pressure. The horizontal hatched line is drawn 
to indicate that an NE ratio 21 is abnormal, and the vertical hatched 
line indicates the blood pressure (130 mm Hg) above which an 
abnormal A/E ratio was detected (eight subjects). 
significantly correlated with supine systolic (r = 0.46; p < 
0.01) and diastolic blood pressure (r = 0.49; p < 0.001) and 
with ambulatory diastolic blood pressure (r = 0.39; p < 
0.02), but not with ambulatory systolic blood pressure. 
Heart rate during the left ventricular inflow recordings was 
66 + 10 beatslmin (range 54 to 87). An abnormal A/E ratio 
~1 was seen in subjects with a heart rate ~60 beatslmin, and 
there was no correlation between heart rate and A/E ratio. 
There was a signijkant relation between age and A/E 
ratio (r = 0.59; p < 0.001); however, an abnormal AIE ratio 
was seen throughout the age range (25 to 49 years) of this 
group. There was no correlation among A/E ratio and left 
ventricular mass, wall thickness, fractional shortening, left 
atrial size or cardiac output. Multiple linear regression 
Figure 2. The ratio of late to early left ventricular inflow velocity 
(A/E ratio) in 37 subjects is plotted against average ambulatory 
diastolic blood pressure. Only I of 22 subjects with a diastolic blood 
pressure ~85 mm Hg had an abnormal A/E ratio. Format as in 
Figure I. 
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Figure 3. The ratio of late to early left ventricular inflow velocity 
(A/E ratio) in 37 subjects is plotted against supine systolic blood 
pressure. Supine blood pressures were measured over 30 min and 
averaged. An abnormal A/E ratio was observed in 8 of the 22 
subjects with a supine systolic blood pressure > 122 mm Hg. Format 
as in Figure 1. 
analysis for variables that might correlate with A/E ratio 
(age, supine systolic and diastolic blood pressures, ambula- 
tory diastolic blood pressure) indicated that a combination of 
age and supine systolic blood pressure could, best account 
for the abnormal left ventricular filling (r = 0.69; p < 0.001). 
Data from subjects with abnormal left ventricular jilling 
clustered in the higher range of blood pressure values. All 
eight subjects with an abnormal A/E ratio had a mean 
ambulatory systolic blood pressure > 130 mm Hg (Fig. 1) and 
a supine systolic blood pressure >122 mm Hg (Fig. 3). Only 
one subject with an ambulatory diastolic pressure ~85 mm 
Hg had abnormal left ventricular filling (Fig. 2). The A/E 
ratio was normal in all subjects if either the supine systolic 
blood pressure was 5 122 mm Hg or the ambulatory systolic 
pressure was 5130 mm Hg. The ability of blood pressure to 
discriminate among subjects with normal and abnormal left 
ventricular filling was highly significant if a subject met both 
independent blood pressure criteria (that is, supine systolic 
blood pressure > 122 mm Hg and ambulatory systolic blood 
pressure >130 mm Hg (,$ = 10.7; p < 0.001) (Table 3). 
Characteristics of subjects with abnormal ventricular 
filling (Table 4). The 18 subjects whose blood pressure was 
greater than the minimal level at which an A/E ratio 21.0 
was observed were classified into two groups to detect 
characteristics related to abnormal left ventricular filling that 
were independent of arterial pressure. Subgroup 1 (n = 10) 
had a normal A/E ratio <I; subgroup 2 (n = 8) had an 
abnormal A/E ratio 21. There was no difference in heart 
rate, left ventricular mass or wall thickness between the 
subgroups. There was a trend toward increased age in 
subgroup 2 (41 ? 9 versus 33 ? 8 years), but this difference 
did not reach statistical significance. There was also a trend 
toward lower cardiac output in those with abnormal left 
ventricular filling. 
Table 4. Clinical Echocardiographic and Doppler Characteristics 
of Subgroups 1 and 2 
Subgroup 1 Subgroup 2 
(n = IO) (n = 8) p Value 
Age (yr) 33 + 8 41 +9 NS 
Heart rate (beatsimin) 68 2 I1 70 2 10 NS 
LVMI (g/m’) 91 ? 12 842 18 NS 
IVSD (mm) 102 1 10 t 1 NS 
PWD (mm) 102 1 1oi 1 NS 
LVDD (cm) 4.8 + 0.3 4.6 + 0.5 NS 
Peak E (cm/s) 592 10 52 2 6 NS 
Peak A (cm/s) 44 f 7 59 + 8 <O.OOl 
Peak A/peak E 0.74 ? 0.1 1.12 f 0.8 <O.OOOl 
CO (litersimin) 6.3 ? 2.5 4.4 r 0.8 NS 
The 18 subjects whose blood pressure was above the minimum level at 
which an abnormal A/E ratio was observed were divided into two groups, In 
subgroup 1, the A/E ratio was normal (<l); in subgroup 2, the A/E ratio was 
2 I. The abnormal A/E ratio in subgroup 2 is accounted for by a higher peak 
velocity of atrial systole. Abbreviations as in Table 2. 
Components of the AIE ratio were analyzed to determine 
if abnormalities of early or late filling accounted for the 
abnormal ratio. Subgroup 2 (abnormal filling) had a 34% 
higher velocity of atria1 systole (59 ? 8 versus 44 ? 7 cm/s, 
p < O.OOl), but only a 12% lower early filling velocity (52 ? 
5 versus 59 + 10 cm/s, p = NS) compared with subgroup 1 
(normal filling), indicating that the abnormal A/E ratio in 
subgroup 2 was mainly accounted for by a higher peak 
velocity of atria1 systole (Table 4). 
Discussion 
Principal findings. In this group of untreated young adult 
subjects with borderline or mild hypertension, >20% had left 
ventricular filling abnormalities, whereas none had increased 
left ventricular mass. Using two independent methods of 
blood pressure determination, we found that values in sub- 
jects with left ventricular filling abnormalities cluster in a 
higher range of blood pressure. We demonstrated that left 
ventricular filling abnormalities will not be observed if either 
the supine systolic blood pressure (averaged over 30 min) is 
5122 mm Hg or if the average awake ambulatory systolic 
blood pressure is 5130 mm Hg. Conversely, 44% of subjects 
(2 = 10.7; p < 0.001) had abnormal filling when the 
automatically determined supine systolic blood pressure was 
>122 mm Hg and the ambulatory systolic blood pressure 
was >130 mm Hg. There was no relation between abnormal 
left ventricular filling and heart rate. 
Left ventricular mass and abnormal filling. We previously 
showed (9) in subjects with treated and well controlled 
hypertension that there was no relation between abnormal 
filling and left ventricular mass. However, because the 
patients were treated for their hypertension, this dissociation 
might have been accounted for by therapy that caused 
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regression of left ventricular mass but did not improve left 
ventricular filling. To address this issue, in this study we 
recruited subjects with borderline and mild hypertension 
who either were never treated or had therapy withdrawn for 
~1 year. The finding of diastolic filling abnormalities in the 
absence of detectable left ventricular hypertrophy lends 
support to the concept that diastolic dysfunction may pre- 
cede and might be independent of left ventricular hypertro- 
phy in systemic hypertension. 
Cross-sectional studies such as this are limited because 
the possibility exists that patients with abnormal left ventric- 
ular filling have an increase in left ventricular mass within 
the normal range that parallels the development of left 
ventricular filling abnormalities. In a canine model of acute 
hypertension accompanied by mild renal failure, Douglas et 
al. (21) showed that a shift in filling from early to late diastole 
(that is, development of an abnormal A/E ratio) occurs in 
conjunction with increased left ventricular mass, suggesting 
that left ventricular hypertrophy causes abnormal left ven- 
tricular filling. However, in the absence of longitudinal data 
in a given subject, our study suggests that the finding of 
normal left ventricular mass in subject with mild but un- 
treated hypertension does not preclude the possibility of a 
left ventricular filling abnormality. 
Age and left ventricular Wing abnormalities. Several 
studies (8,9,11,22) have demonstrated a relation between 
age alone and abnormal left ventricular filling. However, 
the finding of an A/E ratio 21 in subjects younger than 50 
years of age is distinctly abnormal in our laboratory and 
in others (19). Abnormal filling was present throughout 
the age range of the subjects in the present study, indicating 
that age alone would not be sufficient to cause an abnormal 
A/E ratio. 
Pattern of abnormal filling. A multitude of factors can 
affect late diastolic left ventricular inflow velocity, such as 
the preload of the left atrium before its contraction, the 
intrinsic contractile state of the left atrium and the compli- 
ance of the left ventricle. Among the 18 subjects whose 
blood pressure was greater than the minimal level at which 
an A/E ratio 2 1 was observed, there was a highly significant 
increase (34%) in the velocity of filling due to atria1 systole in 
the 8 patients with abnormal filling (subgroup 2) compared 
with that in the 10 subjects with normal filling (subgroup I), 
but only a trend toward reduced velocity of early filling. One 
explanation for these findings is that a small decrease in 
atria1 emptying during early diastole increases left atria1 
pressure in late diastole and, hence, increases the velocity of 
the A wave. Alternatively, left atria1 contractile state could 
be intrinsically elevated in early hypertension, leading to a 
higher velocity of atria1 systole. 
In subjects with established hypertension whose blood 
pressure was effectively controlled, we previously showed 
(9) that, although early filling was normalized, the velocity 
of late left ventricular filling remained significantly greater 
than normal. Taken together, our two studies suggest that 
an increased velocity of atrial systole reflects an early 
abnormality in subjects with arterial hypertension that may 
not be entirely reversible despite adequate blood pressure 
control. 
Blood pressure and abnormal left ventricular 6llii: com- 
parison with previous studies. This is the first study to 
demonstrate a relation between automatically determined 
blood pressure (supine and ambulatory) and abnormal left 
ventricular filling in an untreated group of young adults with 
borderline and mild hypertension without left ventricular 
hypertrophy. This is also the first study to suggest that there 
is a threshold of blood pressure above which these filling 
abnormalities may develop. Our study complements previ- 
ous studies (23) that have shown a correlation between 
automatically determined measurements of blood pressure 
and left ventricular mass. 
Our study differs from previous studies that investigated 
the relation between blood pressure and variables of left 
ventricular filling. The studies that failed to find such a 
relation included subjects who had been recently treated 
(8,12,24), had left ventricular hypertrophy (7,8,24) and who 
had blood pressure measured casually (8,12). Prior treatment 
may obscure the relation between blood pressure and dias- 
tolic filling in subjects with left ventricular hypertrophy 
because it was recently shown (13) that, if treatment reduces 
left ventricular mass, there is no relation between blood 
pressure and left ventricular filling. Unstandardized casual 
blood pressure measurements are subject to significant vari- 
ability (25) and correlate poorly with left ventricular mass 
(23): these factors may account for the previously reported 
poor correlation between diastolic function and blood pres- 
sure in subjects with mild hypertension. Casual blood pres- 
sure measurements, however, may be adequate for deter- 
mining a relation between diastolic function and blood 
pressure in a range of blood pressure values that includes 
subjects with moderate hypertension and is, therefore, 
higher than that in the subjects we studied. Inouye et al. (3) 
demonstrated a significant relation between peak filling rate 
and casually measured diastolic blood pressure (r = 0.52) in 
a group whose average blood pressure was 150 2 111104 t 4 
mm Hg. 
Potential limitations. Doppler echocardiography accu- 
rately measures velocity of blood flow during left ventricular 
filling, and close correlations have been found between the 
A/E ratio and left ventricular filling rates calculated by 
cineangiographic and radionuclide techniques (17,18). Left 
ventricular filling, however, is a complex event that can be 
affected by many variables in both systole and diastole (26). 
Notwithstanding the complexity of the process, in the setting 
of normal systolic function, the ratio of the peak velocity of 
late to early diastolic filling (A/E ratio) is related to intrinsic 
diastolic properties of the left ventricle and is independent of 
the transmitral pressure gradient (16). Because invasive 
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hemodynamic data were not obtained in this study, how- 
ever, it is still possible that the transmittal pressure gradient 
was elevated in subjects with a higher blood pressure and 
may have influenced the A/E ratio. 
Aside from the transmitral pressure gradient, other fac- 
tors have been found to affect the AIE ratio. In normal 
subjects, linear correlations have been found between the 
A/E ratio and heart rate (27). That we found no such relation 
in our subjects with borderline or mild hypertension suggests 
that, in the presence of abnormal diastolic function, the 
transmitral A/E ratio may be independent of heart rate. 
Ischemia can affect left ventricular filling (lo), but significant 
(XX%) coronary stenosis must be present to cause a pro- 
gressive increase in the A/E ratio (28). This degree of 
stenosis, or in fact any significant coronary artery disease, is 
unlikely to occur in our young study subjects without 
hyperlipidemia and with no other risk factors for coronary 
artery disease (family history, smoking, diabetes) other than 
borderline or mild hypertension (29). 
Clinical implications. In this study, we used two indepen- 
dent methods of blood pressure determination to identify 
subjects with borderline and mild hypertension who might be 
at risk for having abnormal left ventricular filling. Our study 
suggests that, in the early stages of hypertensive heart 
disease, before there is a detectable increase in left ventric- 
ular mass, sustained elevation of arterial blood pressure is 
associated with abnormal left ventricular filling. Further- 
more, our data suggest that there may be a threshold of 
blood pressure above which these abnormalities occur. 
Subjects with hypertension who have left ventricular 
hypertrophy determined by echocardiography have a worse 
prognosis than do those without hypertrophy (30). The 
natural history of diastolic filling abnormalities is not known. 
Whether these subjects with borderline or mild hypertension 
are destined to develop “hypertensive hypertrophic cardio- 
myopathy” (1) if left untreated is unanswered, and the 
determinants of left ventricular diastolic dysfunction in the 
absence of left ventricular hypertrophy remain unknown. 
Experimental and longitudinal studies will be needed to 
answer these questions and to determine whether, and with 
what agents, patients with this early abnormality should be 
treated. 
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